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Abstract: During dielectric response measure-
ments on samples of XLPE 22 kV cable that were 
known to have been severely-degraded in service 
by water trees, it was observed that the insulation 
of the cable appeared to degrade considerably after 
water-immersed cable sample were connected to 
the rated voltage a.c. supply. This paper describes 
results of systematic experiments made to 
investigate this factor further using polarisation and 
depolarisation current (PDC) equipment to measure 
the condition of cable samples. It is found that the 
cable condition appears to improve from poor to 
good condition within a few days after short 
circuiting of the previously-energised cable 
commenced. Conversely it is found that the 
condition of the cable appears to degenerate over 
time following re-application of the rated voltage to 
the cable samples. It is hypothesised that 
electrostatic forces maintain moisture in the trees 
during energisation and that the moisture retreats 
from the trees when the supply voltage is removed. 
The implication of this phenomenon on dielectric 
response measurements is discussed in the paper.  
 
Introduction 
 
Crosslinked polyethylene (XLPE) insulated cable is 
widely used in medium and high voltage sub-
transmission and transmission circuits. The wide 
spread application of XLPE cable can be partly 
attributed to its excellent physical and electrical 
properties. However, the major problem associated 
with medium voltage XLPE insulated cables is 
deterioration by water trees, and it sometimes is the 
main reason for insulation failure in XLPE cables 
after a long service period. 
The aim of diagnostic cable testing using time 
or frequency domain spectroscopy is to established 
correlation between measured data to other 
parameters, for example breakdown voltage or 
water tree length and its density. However, the time 
difference between these measurements (diagnostic 
and breakdown tests) can play as shown in this 
paper.  
This paper demonstrates that after 
disconnection of supply voltage from water treed 
XLPE cable the water appears to gradually diffuse 
out of water tree structures within the polymer and 
dielectric strength of the cable is partly restored. 
Consequently, the possibility to detect presence of 
water trees in XLPE cable by electrical means is 
reduced or lost completely. 
 
Cables examined 
 
The cables investigated in this study were samples of 
XLPE 22 kV cable that were known to have been 
severely-degraded in service by water trees.  
 
Detailed information of the cable is as follows: 
 
Conductor Type: Stranded circular compacted 
aluminium 
Conductor Size: 185mm2 
Conductor Diameter: 16.14mm nominal 
XLPE insulation thickness: 5.5mm 
Shield: Stranded Copper 
Jacket: PVC sheath only 
Rated Voltage: 12.7/22kV 
Year of Manufacture: est. 1980 – 1982 
Years in service: 20 - 22 
Method of Manufacture: Triple extruded, fully 
bonded semi-conducting layer, steam cured 
 
The cables, from which samples were taken, had 
been in service in north east Queensland for about 20 
years. The region is hot, wet and the ground is saturated 
in the summer months. 
 
Dielectric tests 
 
For the measurement of polarisation and depolarisation 
currents insulation resistance meter AVO Megger S1-
5010 was used. Polarisation (Ip) current was measured 
for 10 minutes and depolarisation (Idp) current for 1 
minute. 
 
Results 
 
Figures 1 to 4 shows typical polarization and 
depolarization current measured on 22 kV XLPE cables 
(T2-2, T2-8) recovered from the field after 20 years in 
service. The cable was taken out of service after many 
failures due to water trees. Figures 1 and 2 are the 
results obtained for the polarisation Ip and 
depolarisation Idp currents on cable sample T2-2. Table 
1 that follows describes the cases from 1 to 6 for which 
measurements of Ip and Idp were made.  Figures 3 and 4 
describe the results of similar tests on T2-8. Table 2 that 
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follows describes the cases 1 to 6 for different test 
condition.   
 
 
Analysis 
 
From figures 1 to 4 it is interesting to see that with 
the application of voltage to the cable samples both 
polarisation and depolarisation current increase 
from the reference values, Ip 1 and Idp 1 to Ip 2 and 
Idp 2. This observation can be linked with 
dielectrophoresis phenomenon whereby a force is 
exerted on water molecules when it is subjected to 
non-uniform electric field. This finding 
demonstrates the importance of electric field in 
refilling dry-out water tree structures within XLPE 
insulated cables.  
Upon removal of voltage after 21days and 23 
days respectively for T2-2 and T2-8, it is expected 
that water starts diffusing out which should indicate 
low current magnitude. The measured currents 
dictate otherwise as can be seen, the measured 
currents went further higher than previously 
recorded shortly after removal of voltage (from Ip 
2, Idp 2 to Ip 3, Idp 3). This observation is still under 
discussion but as a first approximation it is 
proposed that the observed increase in measured 
current after voltage removal can be attributed to 
redistribution of water concentration within 
polymer and semiconductive screens. This 
redistribution process depends very much on 
temperature gradient (temperature at conductor and 
outer surface of the cable) and water absorbing 
capability of the semiconducting screens within the 
cable insulation. Having said this, it should be 
mentioned that it is not unlikely that cable sample 
T2-8 has water in its conductor stands. 
 After measurements Ip 3 and Idp 3 the 
subsequent measured currents are getting lower and 
lower in magnitude until reference value was 
almost achieved after 157 days for sample T2-2 and 
150 days for sample T2-8. This decrease in current 
magnitude at least can be attributed to water 
diffusion out of water tree structures within 
polymer. This diffusion process is also temperature 
dependent. Usually the higher the temperature the 
higher is the rate of diffusion and because the 
measurements were carried out at room 
temperature (16-25oC) this could be possible reason 
why it takes about 135 days and 115 days 
respectively for the samples T2-2 and T2-8 to come 
back close to reference data Ip 1 and Idp 1. 
Experimental work at higher but stable temperature 
should clarify this observation. 
 
 
Figure 1: Measured polarization Ip current on cable sample  
T2-2. See Table 1 for explanation of subscripts 1 to 6. 
 
Figure 2: Measured Depolarization Idp current on cable sample 
T2-2. See Table 1 for explanation of subscripts 1 to 6. 
 
Table 1: Explanation of subscripts. 
Case Description of condition prior to measurement 
1 Ip 1, Idp 1 - Currents value after 1 year in water bath 
with no voltage applied.  
2 Ip 2, Idp 2 - Currents value after 21 days in water with 
voltage applied. 
3 Ip 3, Idp 3 - Currents value after further 1 day in water 
with no voltage applied. 
4 Ip 4, Idp 4 - Currents value after further 1 day in water 
with no voltage applied.  
5 Ip 5, Idp 5 - Currents value after further 90 days in 
water with no voltage applied. 
6 Ip 6, Idp 6 - Currents value after further 44 days in 
water with no voltage applied. 
 
Case 1 formed a base case against which changes in Ip 
and Idp were referred. 
For clarity of understanding figures 5 and 6 present 
variation of polarisation (100s), depolarisation (60s) 
current value with time respectively for samples T2-2 
and T2-8. 
It is well known that water trees increase the DC 
current and lead to specific polarisation and 
depolarisation currents. The difference of these currents 
according to theory of dielectric response should be 
proportional to the DC conductivity of badly degraded 
XLPE cable by water tree. Therefore the variation of 
conductivity with time is presented in figures 7 and 8 to 
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check the applicability of this approach as water 
migrates within XLPE cable. 
 
 
Figure 3: Measured polarization Ip current on cable sample  
T2-8. See Table 2 for explanation of subscripts 1 to 6. 
 
 
Figure 4: Measured Depolarization Idp current on cable 
sample T2-8. See Table 1 for explanation of subscripts 1 to 6. 
 
Table 2: Explanation of subscripts. 
Case Description of condition prior to measurement 
1 Ip 1, Idp 1 - Currents value after 1 year in water bath 
with no voltage applied. 
2 Ip 2, Idp 2 - Currents value after 23 days in water 
with voltage applied. 
3 Ip 3, Idp 3 - Currents value after further 12 day in 
water with no voltage applied. 
4 Ip 4, Idp 4 - Currents value after further 1 day in 
water with no voltage applied. 
5 Ip 5, Idp 5 - Currents value after further 72 days in 
water with no voltage applied. 
6 Ip 6, Idp 6 - Currents value after further 42 days in 
water with no voltage applied. 
 
Interesting findings in figures 7 and 8 is the fact 
that the conductivity value chosen at any point in 
time also responds well with voltage application 
and removal.  
 
 
Figure 5: Variation of polarisation and depolarisation current 
respectively at 100s and 60s with measurement number for 
sample T2-2. See Table 1 for explanation of measurement 
number 1 to 6. 
 
Figure 6: Variation of polarisation and depolarisation current 
respectively at 100s and 60s with measurement number for 
sample T2-8. See Table 2 for explanation of measurement 
number 1 to 6. 
 
From these figures it can be seen that calculated 
conductivity from the measured electrical signal 
(polarisation and depolarisation currents) immediately 
after removal of voltage is different from the 
conductivity calculated from electrical signals acquired 
days latter whether the cable is stored in water or in dry 
laboratory condition. A possible explanation is that 
moisture retreats from the trees when the supply voltage 
is removed and consequently measured electrical signal 
(dielectric response function or conductivity) as 
indicator of insulation status also looses useful meaning. 
This finding supports the observation that voltage stress 
is necessary for refilling water tree that has dried-up and 
that chemical bonding of water due to water treeing 
within polymer is of secondary importance [1]. 
However further work needs to be done to clarify the 
reason. 
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 Figure 7: Variation of conductivity with time for sample  
T2-2. See Table 1 for explanation of subscripts 1 to 6. 
 
Figure 8: Variation of conductivity with time for sample  
T2-8. See Table 2 for explanation of subscripts 1 to 6. 
 
Correlation between electrical signal and 
breakdown voltage of water treed cables 
 
There are attempts to use electric signals such as 
loss tangent or polarisation and depolarisation as an 
indicator for the actual stage of potential 
deterioration. In addition the direct correlation 
between electrical signals and breakdown strengths 
has been studied. However, scatter of data has been 
observed [2]. Based on the findings reported here it 
is likely that scatter data between AC breakdown 
voltage and water tree length, loss tangent and 
other diagnostic parameter used as indicator for 
ageing status of insulation are due to partial drying 
of water tree during the time interval between 
diagnostic measurement and breakdown test. 
This partial dryness of water tree is known and 
was considered in another paper [3], where the 
authors have preconditioned the cable by inserting 
water into the cable for one week before 
breakdown test. However, it is doubtful if inserting 
water into the cable is sufficient to refill the water 
tree that is partly dried out. Thus as indicated in 
Figures 1 to 4, voltage stress is necessary for 
refilling the water tree structure that has dried out. 
Leaving water treed cable in water bath at ambient 
temperature is also proof not to be the best way to keep 
the water inside the water tree. 
  
Conclusion 
 
This paper shows that the cable condition appeared to 
improve from poor to good condition within days after 
short circuiting of the previously energised cable 
commenced. Conversely it was found that the condition 
of the cable appeared to degenerate over time following 
re-application of the rated voltage to the cable samples. 
It is hypothesised that electrostatic forces maintain 
moisture in the trees during energisation and that the 
moisture retreats from the trees when the supply voltage 
is removed.  Further work is on going and shall be 
reported in the near future. 
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